Lily bulb is traditionally consumed in East Asia and contains high amounts of glucomannan. This study investigated the effect of dietary lily bulb on dextran sulfate sodium (DSS)-induced colitis in rats fed a high-fat (HF) diet. Male Sprague-Dawley rats were fed a diet containing 30% beef tallow with or without 7% steamed lily bulb powder for 17 d. Experimental colitis was induced by replacing drinking water with DSS during the last 7 d. The disease activity index (DAI) was signifi cantly lower in the lily bulbϩDSS group than in the DSS group on day 17. The fecal abundance of Bifi dobacterium was signifi cantly reduced in the DSS group compared with that in the control group, but it was recovered by lily bulb intake. Cecal butyrate, fecal mucins, and alkaline phosphatase (ALP) activity were significantly higher in the DSS group than in the control group. Dietary lily bulb potentiated the increase in cecal butyrate, fecal mucins, and the ALP activity caused by DSS treatment. These results indicate that lily bulb attenuates DSS-induced colitis by modulating colonic microfl ora, organic acids, mucins, and ALP activity in HF diet-fed rats.
Maximowicz's lily (Lilium leichtlinii var. maximowiczii Baker) belongs to the genus Lilium of the family Liliaceae, and its bulbs have been traditionally consumed in Asia. Edible lily bulb contains dietary fi bers, fl avonoids, and saponins and is also rich in nutrients including starch and protein (1) (2) (3) (4) (5) . Lily bulb has been reported to contain approximately 20% high-molecular weight (MWϭ230 kDa) glucomannan per dry weight (1) . Recently, we observed that dietary lily bulb signifi cantly increased intestinal Lactobacillales, organic acids, and mucins (an index of intestinal barrier function) in highfat (HF) diet-fed rats (6) , suggesting that lily bulb could be benefi cial for colon health.
Infl ammatory bowel diseases (IBDs), including Crohn's and ulcerative colitis, are characterized by infl ammation of the gastrointestinal tract. Although several factors are reported to be involved in the development of mucosal damage, changed intestinal microfl ora, and intestinal ulceration in IBDs (7, 8) , their pathogenesis is not well understood. An animal model of colitis induced by the administration of dextran sulfate sodium (DSS) through drinking water exhibits clinical and histologic features of colitis that are similar to IBDs. A recent study has reported that consumption of whole foods that contain nondigestible fermentable compounds ameliorated DSSinduced colitis by increasing intestinal fermentation and mucins (9) . Therefore, we hypothesized that dietary lily bulb would also suppress DSS-induced colitis in a man-ner similar to these whole foods. An HF diet alters the composition of microfl ora, and is suggested to be a risk factor for ulcerative colitis (10) . Several studies demonstrated that HF diets exacerbate DSS-induced colitis in animals, compared with standard chow (11) (12) (13) . Hence in this study we assessed the effect of dietary lily bulb on DSS-induced colitis in HF diet-fed rats.
Materials and Methods
Animals and diets. Lily bulbs were purchased from JA Youtei (Hokkaido, Japan). Because lily bulb is usually consumed after heating, the cloves of raw lily bulb were peeled and steamed for 25 min using an electric steamer (Groupe SEB Japan Co., Ltd., Tokyo, Japan). The steamed sample was powdered after being freeze-dried. The composition of the raw and steamed lily bulb powders is shown in Table 1 . The dietary fi bers including lowmolecular weight soluble dietary fi bers were measured using the enzyme-gravimetric method in combination with HPLC (AOAC method 2001.03) (14) .
Five-week-old male Sprague-Dawley rats were purchased from Japan SLC, Inc. (Hamamatsu, Japan). They were maintained according to Fuji Women's University's "Guide for the Care and Use of Laboratory Animals," and the study was approved by the university ethics committee (approved No. 2014-2). The rats were individually housed in suspended stainless steel cages which had wire screen bottoms. The cages were placed in a room with a controlled temperature (23-34˚C), relative humidity (55-65%), and 12-h light/dark cycle E-mail: yokazaki@fujijoshi.ac.jp (lights on from 8:00 to 20:00).
After 3 d of acclimatization to the unpurifi ed commercial rodent powder diet (CE-2, CLEA Japan, Inc.), the rats were randomized by weight and assigned to three groups of eight rats each: control (no DSS treatment), DSS (DSS treatment), and lily bulbϩDSS (lily bulb-fed rats with DSS treatment). Composition of the basal diet was as follows: beef tallow, 30%; casein, 20%; L-cystine, 0.3%; cellulose, 5%; sucrose, 30%; vitamin mixture, 1%; salt mixture, 3.5% (15) ; and corn starch, 10.2%. We have previously demonstrated that the effect of dietary lily bulb on the colonic luminal environment was more prominent at the level of 7% compared with that of a 5% lily bulb diet (6) . Therefore, in the lily bulb diet, 7% steamed lily bulb powder was added. The levels of dietary carbohydrate, protein, fat, minerals, and fi bers in the steamed lily bulb diets were adjusted by reducing the amount of dietary corn starch, casein, beef tallow, and cellulose. The animals had free access to the experimental diets and deionized water. Food intake and body-weight gain were measured daily. To induce colitis, 2% DSS (MW 36,000-50,000; MP Biomedicals, Tokyo, Japan) was added to the drinking water on day 10. In the present study, the moisture of fecal output was heavily increased after 1 d of 2% DSS administration. Then the treatment with DSS was reduced to 1% on days 11-17 by reference to previous studies (16) (17) (18) . The health status of the rats was monitored by assessing the disease activity index (DAI), a combined score of weight loss, stool consistency, and blood content, which are the three main signs of disease in this model (19) . Fecal pellets were collected over the last 3 d. They were stored at Ϫ20˚C and then freeze-dried and milled. On the last day of the experimental period, the rats were anesthetized with isofl urane and then euthanized by collecting the whole blood from the abdominal aorta. Serum was separated by centrifugation at 2,000 ϫg for 20 min and stored at Ϫ80˚C. The cecum, colon, and liver were removed, weighed, frozen immediately with liquid nitrogen and stored at Ϫ80˚C until subsequent analyses.
Measurements. Mucins were extracted by the methods of Bovee-Oudenhoven et al. (20) and quantifi ed using a fl uorometric assay (21) . Bacterial genomic DNA was isolated from the feces using the QIAamp DNA Stool Mini Kit (Quiagen, Limburg, the Netherlands). Bacterial species were quantifi ed by real-time quantitative PCR (qPCR) using a Light Cycler 480 System II (Roche Applied Science). Total DNA was diluted 100 fold to reduce PCR inhibition. The group-specifi c primers for qPCR are shown in Table 2 . Real-time qPCR was performed in a reaction volume of 20 L containing 10 L SYBR Premix Ex Taq II (Takara Bio Inc., Shiga, Japan), 300 nM each of the forward and reverse primers, and 2 L the diluted DNA samples. The SYBR premix reagent used in this study was preliminarily confi rmed to avoid PCR inhibition of fecal substances, including DSS. After initial denaturation at 95˚C for 30 s, 40 PCR cycles were done with denaturation at 95˚C for 5 s, annealing at 55˚C for 30 s, and extension at 72˚C for 15 s (Total bacteria, Lactobacillus spp. Bifi dobacterium spp. and Bacteroides) or 1 min (Clostridium leptum). Melting curve analysis was performed after amplifi cation to distinguish the targeted PCR product from the non-targeted PCR product. Data were analyzed by the second derivative maximum method of the LightCycler 480 Basic Software. The amplifi cation effi ciencies (e) of real time PCR were estimated for each primer set from a linear regression of the crossing point (Cp) for each fecal 14) . 5 Direct incineration method. DNA dilution versus the log dilution using the formula: eϭx Ϫ1/slope , where "x" is a fold dilution. Effi ciencies of the PCR reaction of the primer sets were between 1.94 and 1.99, close to the optimum value of 2.0. The PCR effi ciencies ranging from 94% to 99% were used in this study (22) . The relative abundances of the microbial populations are expressed as the proportions of total bacterial 16S rRNA gene, using the following equation: relative quantifi cationϭ2 Ϫ(Cp targetϪCp total bacteria) ϫ100 (22, 23) . The pH of cecal digesta was directly measured by a compact pH meter (B-212, Horiba, Kyoto, Japan). Cecal organic acids were measured by the internal standard method using HPLC equipped with an Aminex HPX-87H ion exclusion column (7.8 mm i.d.ϫ30 cm, Bio-Rad, Richmond, CA) (24) . The alkaline phosphatase (ALP) activity of feces, colon, intestine, serum, and liver was measured using a Lab Assay ALP kit (Wako Pure Chemical Industries, Ltd., Osaka, Japan). Protein concentration was determined using a Qubit Protein Assay Kit and Qubit 2.0 fl uorometer (Life Technologies, Carlsbad, CA).
Statistical analyses. Data were expressed as means-ϮSEMs. For data that followed normal distribution, we used one-way analysis of variance (ANOVA). Data that did not follow the normal distribution were analyzed using the nonparametric Kruskal-Wallis one-way ANOVA. The Tukey post hoc test was performed when a signifi cant effect was detected using one-way ANOVA. The Steel-Dwass post hoc test was performed when a signifi cant effect was detected using the Kruskal-Wallis one-way ANOVA. Data analysis was performed using the Excel statistics 2012 software for Windows (Social Survey Research Information Co, Ltd, Tokyo, Japan). p values Ͻ0.05 were considered statistically signifi cant.
Results
Final body weight did not differ among the three groups (Table 3) . Food intake was slightly lower in the lily bulbϩDSS compared with that in the control group (pϽ0.05). The DAI score was signifi cantly increased in the DSS group compared with that in the control group at day 15, day 16, and day 17 (Fig. 1) . The lily bulbϩDSS group showed a signifi cantly lower DAI score than the DSS group on day 17. Colon length was signifi cantly shorter in the DSS group than in the control group, but the length did not differ between the lily bulbϩDSS and control groups (Table 3 ). Fecal dry weight was signifi cantly higher in the DSS and lily bulbϩDSS groups than in the control group (Table 4 ). Fecal mucins were elevated in the DSS group (pϽ0.05). Consumption of lily bulb promoted the elevation of fecal mucins induced by DSS treatment (pϽ0.05). Bacterial genomic DNA concentration in feces did not differ among the three groups (data not shown). Fecal abundance of Bifi dobacterium spp. was signifi cantly reduced by treatment with DSS (pϽ0.05). Intake of dietary lily bulb recovered the decreased abundance of Bifi dobacterium spp. by DSS treatment to the control level (pϽ0.05). The lily bulbϩDSS group showed significant increase in the abundance of the Lactobacillus spp. compared with that of the DSS group. Fecal Bacteroides was signifi cantly increased by DSS treatment. However, dietary lily bulb had no effect on the increase of this population. Fecal Clostridium leptum was signifi cantly lower in the lily bulbϩDSS group than in the DSS group.
Cecal digesta were signifi cantly higher in the lily bulbϩDSS group than in the control or DSS groups ( Table 5 ). The pH of cecal digesta was signifi cantly reduced by DSS treatment, and consumption of lily bulb potentiated the reduction of the pH (pϽ0.05). Cecal butyrate was signifi cantly elevated by DSS treatment, and dietary lily bulb promoted the elevation of cecal butyrate (pϽ0.05). The lily bulbϩDSS group displayed a signifi cant increase in the cecal propionate and lactate, whereas the DSS group did not.
Fecal activity of ALP was signifi cantly increased by DSS treatment, and dietary lily bulb enhanced the increase of fecal ALP activity (pϽ0.05, Fig. 2A) . A similar effect was observed in the colonic activity of ALP (Fig. 2B) . The serum and liver activities of ALP did not differ among the three groups (Fig. 2C, 2D ). 
Discussion
In the present study, we demonstrated that lily bulb consumption reduced the DAI score, ameliorated shorter colon length, and attenuated DSS-induced colitis in HF diet-fed rats, suggesting benefi cial effects of lily bulb on colonic luminal health.
Several factors including the change in microbiota composition have been implicated in the pathogenesis of colitis (8) . DSS-induced colitis is often associated with reduced colonic Bifi dobacterium and Lactobacillus (25) . Probiotics including Bifi dobacterium and Lactobacillus are reported to alleviate DSS-induced colitis by modulating immune cell function (25, 26) . These results allow us to speculate that dietary lily bulb has a positive effect on the growth of Bifi dobacterium and Lactobacillus in rats treated with DSS, leading to a reduced DAI score. It is necessary to study how lily bulb affects intestinal immune cells in HF diet-fed rats treated with DSS.
In the colon, mucin is the primary component of the mucus gel that acts as a protective barrier against pathogens and antigens (27, 28) . Because fecal Akkermansia muciniphila, mucin-degrading bacteria, did not vary among the three groups in the present study (data not shown), the up-regulation of fecal mucins by lily bulb intake appears to be related to the elevated secretion of mucins in the rat intestine. Butyrate has been shown to modulate cell invasion, proliferation, apoptosis, and immune cell activity in the gut epithelial layer (29, 30) and stimulate mucin production in the gut (31) . According to a recent report, functional foods rich in nondigestible fermentable compounds increase cecal butyrate and colonic mucins, resulting in reduced colonic damage in DSS-induced colitis (9) . Therefore, the increase in fecal mucins and cecal butyrate in DSStreated rats might be related to the defense mechanisms against colonic injury. At present, the detailed mechanism is still unclear. It is important to examine the association between the preventive effect of lily bulb on colitis and the elevations of mucins and butyrate.
ALPs are hydrolase enzymes that catalyze the hydrolytic removal of phosphate groups from a variety of molecules. Various reports have recently shown that intestinal ALP has a protective effect on infl ammatory diseases (32) (33) (34) . However, little regard has been paid to the colonic activity of ALP. Our study revealed that dietary lily bulb specifi cally increased colon and fecal ALP activities without affecting those in the intestine (data not shown), liver, or serum. Lily bulb is rich in starch and dietary fi bers. Resistant starch and pectin have been shown to increase gut ALP activity in experimental animals (35, 36) . Tuin et al. have demonstrated that oral administration of ALP to colitic rats resulted in an attenuation of colonic infl ammation (37) . Taken together, these studies raise the question whether the elevated colonic ALP activity by DSS treatment is associated with a protective effect against colon diseases. Further study is now in progress to examine this question and investigate the relationship between the colitis attenuation effect of dietary lily bulb and the increase in colonic ALP activity.
Our previous study indicated that ethanol extract residue, but not ethanol extract fractions, of lily bulb modulates colonic microfl ora and increases the mucins in rats (unpublished data). This residue contains soluble dietary fi ber mainly consisting of glucomannan. Dietary glucomannan has been reported to attenuate colitis (38) . Therefore, we can speculate that the effect of lily bulb on DSS-induced colitis is mainly due to the glucomannan.
There were limitations of this study that need to be considered. Histological grade of colitis, including the invasion of infl ammatory cell and crypt damage, was not tested in this study. In addition, our study did not evaluate the effect of dietary lily bulb on the gene and protein expressions of colonic infl ammatory cytokines. Therefore, it is necessary to conduct a study of the effect of dietary lily bulb on colon histopathology and the expressions of infl ammatory cytokines in rats with induced colitis, in order to obtain a more detailed evaluation of the function of lily bulb.
In conclusion, our results show that lily bulb may have a suppressive effect on infl ammatory colitis. Further study is necessary to examine the effect of a practical level of lily bulb for a longer feeding period on colitis.
